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This lesson in general deals with small radio parts as well as a complete color circuit showing 
these parts connected together. Thus throughout the bo<dc we have shown views of parts, 
meters and test equipment which are associated with circuits of this type. 


^ This lesson is designed to bring 

together and correlate the princi¬ 
ples you have studied in previous 
lessons on the superheterodyne 
and automatic volume control. 
Colors are used to bring out the 
highlights and to enable you to 
study the separate functions of the 
various circuits. 

The block diagram in Fig. 1 in¬ 
dicates the general nature of the 
circuit to be discussed in this les¬ 
son. It is divided into five sec¬ 
tions. The first section combines 
■ in one stage the functions of pre¬ 

selection, oscillation and 1st detec¬ 
tion. The tube employed for this 
stage could be any of the converter 
‘ types with a 6.3 volt filament. 

; Typical examples are the 6A8, 

[ 6A7, 6A7S, 6SA7, 6K8, 6J8, 7A8, 

p 6L7, etc. The second section in 

t Fig. 1 employs an IF amplifier 

[ tube. Typical tubes are the 6K7, 

[ 7A7, 7H7, 6AB7, 6SK7, 6SS7, etc. 

i The third section of Fig. 1 employs 

another combination tube of the 


diode-pentode type such as the 
6B8, 6B7, 7E7, etc. The fourth 
section comprises the two stage 
amplifier. The single tube, or 1st 
audio stage, may employ such 
tubes as the 6C5, 6J5, 6P5, 7A4, 
6L5, etc. The push-pull stage may 
employ such triode tubes as the 
6A5-G, GAS, 6B4, 6F6, etc. The 
speaker may be of the convention¬ 
al dynamic type with suitable 
coupling to the output tubes. The 
rectifier may, in general, be of the 
type 80, 5T4, 5U4, 5X4, 5Z3, 5W4, 
5Y3, 5Y4, etc. All of the foregoing 
tube types are possibilities around 
tvhich a circuit might be designed. 
To have a definite set of charac¬ 
teristics to work with, the follow¬ 
ing tube types have been selected 
for the circuit of Fig. 2, which is 
shown in the center of this book. 
For VI, type 6A7; for V2, type 
6K7; for V3, 6B7; for V4, 6C5; 
for V5 and V6, 6A5 and for V7, 
5T4. 

Before a given circuit can be 
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The above shows two types of the popular Weston meters. The meter on the left is used for AC voltasre 
measurementst having a range from 0 to 150 volts. The meter on the right is a Weston DC ammeter, 
having a range from 0 to 30 amperes. 


designed around a set of tubes, it 
is first necessary to know the 
voltage at which the various tube 
elements will operate and the 
amount of current they will draw. 
Normal plate voltage for all of the 
tubes in Fig. 2 is about 250 volts. 
At this approximate voltage the 
6 A 5 tubes will draw 60 milliam- 
peres each for a total of 120 mil- 
liamperes. The 6C5 will draw .5 
milliampere. This tube is used in 
a resistance coupled stage which 
accounts for its low plate current. 
The 6B7 will draw a plate current 
of 6 milliamperes and the screen 
will draw 1.5 for a total of 7.5 mil¬ 
liamperes for the entire tube. The 
6 K 7 will draw 7 milliamperes for 
the plate and 1.7 for the screen 
grid for a total of 8.7 milliam¬ 
peres. The 6A7 plate current is 
^5, screen current is 2.7 and the 
anode grid current 4, for a total 
of 10.2 milliamperes for the en¬ 
tire tube. Thus the total current 
demand for the tubes is 120+.5+ 
7.5+10.2=146.9 or 147 milliam¬ 
peres. To allow for a bleeder cur¬ 


rent of 15%, 22 milliamperes are 
allotted to R 6 in Fig. 2 for a total 
current drain of 169 milliamperes. 
The maximum rated current load 
for the 5T4 rectifier may be up to 
225 milliamperes so it will take 
care of the 169 milliampere load 
nicely. Actually, the current load 
will be less than 169 milliamperes 
because the net plate voltage on 
some of the tubes will he less than 
rated values which will result in a 
decreased current drain. This will 
be explained later. 

The logical place to begin with 
the description of circuit design is 
at the rectifier output. Previous 
lessons have shown how almost 
any value of output voltage (with¬ 
in limits of the circuit) may be 
obtained at the output of a recti¬ 
fier by arranging circuit values 
properly. So in Fig. 2, it may be 
assumed that sufficient DC is 
available across the cathode (fila¬ 
ment, in this case) and center tap 
to the high voltage winding. Only 
one choke coil, L 14 (the speaker 
field winding), is used in the filter 
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circuit. This follows present-day 
design practice. It may be rated 
at about^ 700 ohms and will have 
an inductance of about 20 henries. 
With a current flow through it of 
169 milliamperes, the voltage drop 
across it will be 700x.169 or 118.3 
volts. With 250 volts required at 
the filter output, the DC output 
across the cathode of the rectifier 
and the center tap to the high volt¬ 
age winding should be 250+118.3 
or 368.3 volts. The characteristic 
curves for the 5T4 rectifier tube 
show that for an approximate DC 
output of 370 volts, at 169 milliam¬ 
peres, with an 8 mfd. filter con¬ 
denser and L at 20 henries, the AC 
input per plate, of the rectifier 
tube should be approximately 375 
volts. Thus, the high voltage wind¬ 
ing for transformer T2 in Fig. 2 
should be rated at 375 volts each 
side of the center tap for a total 
AC plate to plate voltage of 750 
volts. For the 5T4 rectifier fila¬ 
ment winding on T2 the rating is 
5 volts at 2 amperes. The fila¬ 
ment low voltage winding on T2 
should be rated at 6.3 volts and 3.7 
amperes. This allows .3 ampere 
each for VI, V2, V3 and V4. For 
V 5 and V 6 the current rating is 


1.25 ampere for each tube. Thus, 
in Fig. 2, all power unit values 
have been given. Condensers C 28 
and C 29 have a capacity of 8 mfd. 
They are of the electrolytic type 
and are rated at 600 volts DC. The 
voltage divider is scattered 
throughout the receiver wiring 
and held in place by it. 

A better understand of the en¬ 
tire DC network can be had by re¬ 
ferring to Fig. 3 which shows it 
in simplified form. It is suggest¬ 
ed that you study the following in 
careful detail for it involves fun¬ 
damental principles you will be 
called upon to use often. In Fig. 
3, the B+ and B— points corre¬ 
spond to the output of the power 
unit filter in Fig. 2 . From an ex¬ 
amination of this figure it will be 
seen that the DC current divides 
into six parallel paths as denoted 
by the numerals in the circles. The - 
first path from left to right in Fig. 

3 represents the push-pull stage 
for tubes V5 and V 6 . The pri¬ 
mary of the output transformer is 
symbolized by PI and P 2 . The 
internal plate resistance (RP) of 
the two tubes is symbolized by 
RpV5 and RpV 6 . The currents of 
both tubes flow through R 15 , the 
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Above are shown two types of Supreme test equipment. The instrument on the left is an oscilloscope 
or oscillosrraph employingr a three inch cathode-ray tube. It is used in adjusting: tuned circuits and for 
other test purposes as you will learn later on in other lessons. The instrument on the right is a signal 
generator of the all-wave type—it being used to provide a test signal in several frequency bands. It 
includes its own output meter. 


bias resistor. Note this is self-bias. 
The second parallel path consists 
of Ei 4 , Ri 3 , RpV4 and R 12 which is 
the bias resistor for tube V4. The 
third parallel path is though L 12 , 
^ RpV3 and R 7 . The fourth path is 
through R 5 and Ro. This branch 
is further subdivided because of 
the screen grid of tube V3 and 
symbolized in Fig. 3 as SgV3; the 
screen grid of V2, SgV2; the 
screen grid of VI, SgVl; and the 
anode grid (No. 2 grid of the 6A7) 
of tube VI. Thus, at the junction 
of R 5 and Re current divides into 
six circuits. Assuming current 
flow from negative to positive, all 
of the bleeder current of the fourth 
parallel branch in Fig. 3 will flow 
through (1) Re. There are flve 
other paths represented by ( 2 ) 
anode grid of VI, (3) screen grid 
of VI, (4) screen grid of V 2 , (5) 
screen grid of V3 and ( 6 ) through 
Rs to B+. The fifth main parallel 
path in Fig. 3 is through Lq, RpV2 
and R4. The sixth and final path 
is through L 7 , RpVl and R 2 . 

If each of the six main parallel 
paths in Fig. 3 are symbolized by 
a separate resistor consuming a 


certain amount of power, the cir¬ 
cuit they present to the output of 
the power unit in Fig. 2 will appear 
as in Fig. 4. Thus, the circuit of 
Ra in Fig. 4 may be made to rep¬ 
resent circuit ( 1 ) in Fig. 3 con¬ 
sisting of PI and P2 in parallel, 
RpV5 and RpV 6 in parallel and 
these four in series with R 15 . In 
this way the load of a given cir¬ 
cuit can be reduced to its simplest 
form which helps to get an over¬ 
all picture of the basic load on a 
power unit circuit such as the one 
shown in Fig. 2. To do this, of 
course, the voltage E across the 
load must be known as well as the 
current through it. These values 
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This view shows another pop alar Weston test 
instrument. It is a signal generator or test oscil¬ 
lator and covers several frequency bands so that 
all-wave circuits may be adjusted. 













































































































may be found by measurement or 
by calculation. For example, in 
Fig. 3 it is known that the voltage 
available across the output of the 
filter in Fig. 2 is 250 volts DC with 
a predetermined current load of 
.169 ampere. Also, from examina¬ 
tion of branch circuit 1 in Fig. 3, 
it may be assumed that this part 
of the circuit is going to consume 
a part of the .169 ampere load. To 
find how much current will flow 
through branch circuit 1 of Fig. 
3 , it is only necessary to refer to a 
characteristic table for the 6A5 
tube. With approximately 250 
volts on the plate and 45 volts neg¬ 
ative on the grid, there will be a 
plate current of 60 milliamperes. 
This requires that there be 295 
volts to operate the 6A5 tube (250 
for the plate and 45 for the grid) 
whereas only 250 volts are avail¬ 
able. Further reference to the 
characteristic curves for the 6A5 
shows that with a plate voltage of 
approximately 220 yolts, a plate 
current of 60 milliamperes can still 
be obtained if the grid bias is re¬ 
duced to 30 volts negative. Thus, 
if 30 volts are allotted for the grids 
of the two tubes it will leave 250 
—30 or 220 volts for the plates of 
the tubes. This means the AF grid 
swing for the 6A5 tubes must be 
limited to less than 30 volts, and it 
also means the maximum undis¬ 
torted power output will be less be¬ 
cause the plate voltage is less. How¬ 
ever the output of a circuit, like 
Fig. 2, would be more than suffi¬ 
cient for ordinary room volume 
even if the plates are worked at a 
reduced voltage. For the entire 
push-pull stage, two tubes are re¬ 
quired and, therefore, the total 
current through R15 in Fig. 3 will 


be 120 milliamperes. If the re¬ 
quired grid voltage for the 6A5 
tubes is 30 volts, Ris v^iH equal 


or 250 ohms, and its power 

rating will equal .12x30 or 3.6 
watts. Now it is clear that 60 
milliamperes must flow through 
RpV6 and P2 and that a like 
amount must flow through RpV5 
and PI of Fig. 3. A normal value 
for the primary winding for the 
output transformer consisting of 
PI and P2 would be 250 ohms 
(DC) for each half winding. If 
.06 ampere flows through PI and 
P2 the voltage drop across them 
will equal .06x250 or 15 volts. 
This subtracted from 220 volts 
leaves 205 volts across RpV5 and 
RpV6. The no signal power dissi¬ 
pated in RpV5 and RpV6 is equal to 
.06x205 or 12.3 watts. Across PI or 
P2 the power is equal to .06 x 15 or 
.9 watt. There are two tubes so PI 
and P2 equal 1.8 watts, RpV5 and 
RpV 6 equal 24.6 watts and R 15 
equal 3.6 watts. For the entire No. 
1 circuit in Fig. 3, the total'power 
is 1.8-1-24.6+3.6 or 30 watts. Thus, 
Ra in Fig. 4 may be symbolized as 
a 30 watt resistor. Furthermore, 
it is known that 120 milliamperes 
flow through it. Therefore, its ef¬ 
fective symbolic value is equal to 


30 

.122 


30 

.0144 


or 2,083 ohms. 


In the same general way, symbolic 
values could be obtained for Rb, 
Rc, Rd, Re and Rf in Fig. 4. In 




Many types of switches are used in radio circuits. 
Their design largely depends upon their applica¬ 
tion and the amount of current they must carry. 
Shown above is a Cutler-Hammer switch of spe¬ 
cial construction rated at 24 amperes and 24 volts. 
It is used in low voltage circuits where a high 
value of current must be carried. 

this way, the total load on a given 
rectifier tube may be simplified. 
Radio men often reduce a circuit 
to these simple considerations in 
order to get a simplified picture of 
what is taking place in the entire 
circuit. 

Now referring back to Fig. 2 , 
in the process of showing the en¬ 
tire load on the power unit, values 
were obtained for the plate, grid 
and cathode circuits of the push- 
pull stage. Tube V4 is next. In 
its plate and cathode circuit are in¬ 
cluded Ri 4 , R ,3 and R 12 . Ri 4 is 
principally a filter resistor and its 
value need not be over 10,000 
ohms. This is a 6C5 tube work¬ 
ing in a resistance coupled stage. 
Its recommended plate load resist¬ 
or Ri 3 should be 100,000 ohms. 
The recommended value of R 12 
(cathode resistor) is 5,300 ohms. 
With this as a total load on the 
tube, the current through it will be 


.0005 ampere with a corresponding 
grid voltage of 2.65 volts. Thus, 
across R 14 the voltage drop will be 
equal to 10,000x.0005 or 5 volts. 
Across Ri 3 , it will be 100,000 x 
.0005 or 50 volts. Across R 12 , it 
will be 5300X.0005 or 2.65 volts. 
This totals 5+50-F2.65 or 57.65 
volts, leaving 250—57.65 or 192.35 
volts to operate tube V4. Since 
the voltage across the tube is 
192.35 volts and the no signal cur¬ 
rent through it is .0005 ampere, 
the DC resistance of the tube is 
192 35 

equal to or 384,700 ohms. 

Thus, the effective symbolic load 
of Rb in Fig. 4 may be represent¬ 
ed as a resistance equal to (R 14 ) 
10,000 + (Ris) 100,000 H- (RpV4) 
384,700 -f (R, 2 ) 5300 or 500,000 
ohms. Its power rating will be 
equal to PR or .0005^x500,000 or 
.125 watt. 

The next tube, V3, in the circuit 
of Fig. 2 is the 6B7. Its plate 
current is equal to 6 milliamperes. 
The DC resistance of coil L 12 is 50 
ohms so the voltage drop across it 
is equal to 50x.006 or .03 volt. The 



This view shows another versatile piece of test 
equipment. It is a Traceometer made by Hickok 
and is similar to other types of instruments 
known as a Channalyst or Signal Tracer. 







current through R 7 (cathode resist¬ 
or of the 6B7) is equal to the plate 
current (.006) plus the screen grid 
current (.0015) for a total of 7.5 
milliamperes. The required con¬ 
trol grid voltage for the pentode 
grid of the 6B7 is 3 volts. So the 

3 

value of R 7 is equal to Tuvt^ 


or 400 ohms. The voltage distri¬ 
bution across circuit 3 in Fig. 3 
is Li 2 , .3 volt; RpV3, 246.7 volts 
and across R7, 3 volts. With 246.7 
volts across RpV3, the DC resist- 

246 7 

ance of the tube is equal to QQg 

or 41,116 ohms. The total resist¬ 
ance of circuit 3, is 50+41,116+ 
400 or 41,566 ohms. It may be 
symbolized as Rc in Fig. 4 as a 
41,566 ohm resistor rated at 1.52 
watts. 

Tube V2 in Fig. 2 is next. The 
resistance of coil Ln is 50 ohms 
with a current of 7 milliamperes 
through it giving a voltage drop 
of 50X.007 or .35 volts. This tube 
has a screen current of 1.7 milli¬ 
amperes for a total of 8.7 milliam¬ 
peres to flow through R 4 . The 
control grid of tube V2 requires 3 

3 

volts so R 4 is equal to aoqv 


or 344 ohms. With 3 volts across 
R 4 and .35 volts across L 9 , the 
voltage across tube V2 is equal to 
250-3.25 or 246.65 volts. Thus, 

. . 246.65 

RpV2 in Fig. 3 is equal to — 

or 35,235 ohms. Thus, Rc in Fig. 
4 may be symbolized as a resistor 
equal to 50+35,235+344 or 35,629 
ohms rated at 1.72 watts. 

The final tube VI in Fig. 2 has 
a plate current of 3.5 milliamperes. 
With L 7 rated at 50 ohms, the volt¬ 


age drop across it will be equal to 
.175 volt. The current through R 2 
is 3.5 for the plate, 2.7 for the 
screen and 4 for the anode grid 
for a total of 10.2 milliamperes. 
The control grid voltage for tube 
VI is 3 volts so R 2 is equal to 

- - j - — or 294 ohms. With .175 

.0102 

volt cross L 7 and 3 volts across R 2 , 
the voltage across RpVl in Fig. 3 
is equal to 250—3.175 or 246.825 
volts. Thus, RpVl is equal to 

or 70,521 ohms. The 

total resistance, therefore, for the 
entire plate circuit is 50+70,521+ 
294 or 70,865 ohms and may be 
symbolized in Fig. 4 as Rf rated 
at .8912 watt. 

The No. 4 circuit (R4 and R 6 ) 
in Fig. 3 may be treated separately 
or it could be included along with 
the other circuits. It is treated 
separately here because it simpli¬ 
fies the calculations. The main 
circuit consists of R 5 and Re- How¬ 
ever, at the junction of R 5 and Re 
there are four more branch cir¬ 
cuits consisting of SgV3, SgV2, 
SgVl and the anode grid for VI in 



In today’s applications, many types of volume 
controls, impedance matching devices and other 
forms of variable resistances must be used. This 
view shows an enclosed, two-unit type of control 
as made by Clarostat. Such units are made in 
many different designs according to specifications 
given to the manufacturer. 



This view shows two important, but not very 
often used, antenna accessories. The unit on the 
left is an “I” type antenna lead-in insulator used 
to prevent the lead-in wire from rubbingr against 
walls and other objects. The unit on the right 
is a ground clamp, permitting good electrical 
contact to be made to a water pipe so as to form 
a good ground connection. 

Fig. 2 . The static or no signal re¬ 
sistance of each of these circuits 
may be found as follows: 

SgV3 = = 66,666 ohms 

SgV 2 = - = 58,823 ohms 

SgVl = = 37,037 ohms 

Anode = = 25,000 ohms 

The electrical equivalent of tubes 
VI, V 2 and V3 is shown in Fig. 5 . 
Study this figure carefully and 
note the internal screen grid re¬ 
sistance of each tube is in series 
with R 5 and these two together are 
in parallel with the Rp of each 
tube. In addition, the cathode bias 
resistor of each tube is in series 
with this branch circuit. An effec¬ 
tive circuit is shown in Fig. 6 for 
V3 showing how SgV3 fits into the 
complete tube circuit. You may 
make the following similar calcu¬ 
lations for the other tubes in Fig. 
3 and, in the case of tube VI, allow 
one more branch circuit for the 
anode grid. It has been previously 
shown that RpV3 equals 41,116 
ohms, SgV3 equals 66,666 ohms 
and R 7 equals 400 ohms. The cur¬ 
rent through Re is equal to 1.5-1- 



1.7-1-2.7-I-4 for the screen grids 
and anode grid of VI. This totals 

9.9 plus 22 (for the bleeder Re) or 

31.9 milliamperes. The rated 
screen grid voltage is 100 volts so 
Rr, must reduce the voltage 250— 
100 or 150 volts. Thus R .5 is equal 

1 5n 

to or 4,702 ohms. This 

.Uo-Ly 


leaves the value of Re to be deter¬ 
mined. With 100 volts across it 
and with a current through it of 
22 milliamperes, its value is equal 


to 


100 

.022 


or 4,545 ohms. 


This com¬ 


pletes the determination of the va¬ 
rious voltage divider resistor val¬ 
ues in the main circuit of Fig. 2. 

Next refer to Fig. 6 and note 
how the screen grid (SgV3) re¬ 
sistance may be shown in series 



FIG.6 



with Es and in parallel with RpV3. 
It should be understood that R 5 
also carries the bleeder, screen and 
anode current of the other tubes, 
but this need not be considered in 
Fig. 6 . Since the screen grid 
(SgV3) draws .0015 ampere Rs in 
Fig. 6 can be considered a symbolic 
resistance equal to 97,800 ohms. 
This is true because only 246.7 
volts is across Rs+SgVS. If the 
screen grid current is .0015 am¬ 
pere with SgV3 equal to 66,666 
ohms, then R 5 must effectively 
equal 97,800 ohms because the 
total resistance required to limit 
.0015 ampere with a voltage of 
246.7 is 164,466. Thus 164,466 
minus 66,666 equals 97,800 for the 
effective value of R 5 in Fig. 6 . The 
effective resistance value for the 
entire circuit of Fig. 6 is, there¬ 
fore, equal to: 

(L12+RpV3) X (R5+SgV3) 
L12+RpV3+R5+SgV3 ' 
(50+41,116) X (97,800+66,666) 
50+41,116+97,800+66,666 
41,166X164,466 
205,632 
6,770,407,356 
205,632 
= 32,924 + 400 
= 33,324 ohms. 

In a previous calculation it was 
shown that the effective value of 
circuit 3 in Fig. 3 was 41,566 ohms 
rated at 1.52 watts. This included 
the screen grid current through R 7 
but it did not include the resist¬ 
ance effect of the screen grid and 
Rs. If these are included the cir¬ 
cuit of Fig. 6 results, and this time 
the effective resistance is equal to 
33,324 ohms. Thus it may be sym¬ 
bolized at this value as Re in Fig. 
4 rated at 1.87 watts. If, for some 



The above Hytron tube is their type HY615. It 
is a war-time development used extensively by 
the armed forces on ultra-high frequencies. This 
particular tube is of the transmitting type but is 
representative of the small type of tube for high 
frequencies used in both transmitters and re¬ 
ceivers. 

reason, you wanted a similar value 
for circuits 4, 5 and 6 of Fig. 3 
they may be treated as for Fig. 6 . 
Then to get the effect of R., and 
Re alone, they could be treated as 
a separate circuit through which 
flows 22 milliamperes of current 
with an impressed voltage of 250 
volts. In this case Re would have 
its assigned value of 4,545 ohms. 
However, a new effective value 
would have to be found for R 5 be¬ 
cause, in this case, only the bleeder 
current of Rs is assumed to flow 
through it. Normally, .0319 am¬ 
pere flows through R 5 , but .0319— 
.022 or .0099 is allotted for the 
screen and anode grids and will 
have been already included in the 
other branch circuits. The resist¬ 
ance required to limit .022 ampere 

250 

with 250 volts is equal to 

or 11,363 ohms. Re already has a 
value of 4,545 ohms so the new ef¬ 
fective value of R 5 is equal to 11 ,- 
363—4,545 or 6,818 ohms. 

All of the foregoing shows just 
two methods of finding a solution 





Ohms 

Current 

Power 
in Watts 

Voltage 

Rid — 

250 

120 

3.6 

30 

Ri4 — 

10,000 

.5 

.0025 

5 

Ri3 = 

100,000 

.5 

.025 

50 

Ri2 — 

5,300 

.5 

.001325 

2.65 

R7 — 

400 

7.5 

.0225 

3 

Re = 

4,545 

22 

2.2 

100 

R 5 = 

4,702 

31.9 

4.785 

150 

R4- 

344 

8.7 

.0261 

3 

R2 — 

294 

10.2 

.0306 

3 


to a given problem. Often an en¬ 
gineer, designer or serviceman 
will have problems of this nature, 
and he may have to use two or 
more such approaches to a given 
problem to find a satisfactory so¬ 
lution. Thus, it is imporant for 
you to thoroughly understand the 
foregoing principles. The calcu¬ 
lation of voltage divider resist 
ances in a power unit, amplifier or 
receiver must be done precisely if 
good results are to be obtained. 
As a result of the foregoing calcu¬ 
lations, the values of R 14 , R 13 , R 12 , 
R 7 , Re, R 5 and R 2 of Fig. 2 have 
been determined. These are the 
only resistors in the circuit which 
have to do with the distribution of 
the DC voltage. Their correspond¬ 
ing values are given in the table at 
the top of this page. 

THE SIGNAL CIRCUITS 

Now that you understand how 
the DC voltages are distributed in 
Fig. 2 you are ready to take up the 
study of the signal circuits. First 
refer to Fig. 2 and note the color 
arrangement. , The color blocks at 
the top of the diagram give the 
key to the circuit. The first three 
blocks are green and represent the 
signal voltage distribution. Thus, 
green indicates RF, IF and AF 


signal voltages. The next color 
block is black and represents the 
chassis or point of zero potential. 
Black also indicates non-function¬ 
al parts such as transformer iron 
cores, symbols, lettering, etc. The 
blue color block indicates the AVC 
circuit — that is parts below 
ground potential or more negative 
than ground. The yellow color 
block indicates parts and circuits 
just above ground potential—that 
is from zero on up to about 50 volts 
positive. The red color block indi¬ 
cates parts and circuits at a high 
DC potential such as plate and 
screen grid circuits. The final 
color block is brown and indicates 
raw AC 60 cycle circuits. All of 
these various functions will be ex¬ 
plained in detail further on in this 
lesson. 

You should understand that the 
circuit of Fig, 2 is purely a theore¬ 
tical circuit and does not represent 
any particular receiver. All it is 
supposed to do is to illustrate the 
basic principles you have covered 
in the last few lessons, 

THE GREEN CIRCUIT 

From the study of other lessons 
you are, no doubt, now familiar 
with the way the signal is collected 
by the antenna and fed to the cou- 



All forms of mobile radio apparatus must be well filtered to prevent igrnition and motor interference. 
For this work special forms of condensers have been developed. 'The above view shows several con- 
denseds of this type made by Comell-Dubilier. The odd-shaped metal pieces on these condensers are 
for mounting: purposes. 


pling system to the input of the re¬ 
ceiver. If you will examine the an¬ 
tenna circuit of Fig. 2 carefully, 
you will find a fine row of green 
dots. This represents the RF sig¬ 
nal, and you will note it is fed by 
inductive coupling from Li to L 2 . 
In the L 2 -L 3 , C 1 -C 2 circuit, the 
signal voltage is tuned to reson¬ 
ance, and, in addition, a certain 
amount of selectivity is provided. 
The selected signal is then applied 
to the next resonant circuit asso¬ 
ciated with L4. The transfer of 
signal energy from the selective 
circuit of L 2 -L 3 and C 3 -C 2 to the 
next resonant circuit is accom¬ 
plished by a combination of induct¬ 
ance and apparent capacity cou¬ 
pling in the form of L3. The 
small green dots grouped about 
Li, L 2 , L 3 and L 4 shows the dis¬ 
tribution of the RF signal voltage 
at any one instant. 

After the signal reaches the 
resonant circuit of L4, C3, C4 and 
C 5 additional selectivity is gained. 
Thus, a signal to which has been 
applied a fair degree of selectivity 
is supplied to the control grid of 
tube VI because it has been acted 
upon by two selective circuits. 
Therefore, that part of the signal 
circuit which has been described 


up to now may be called the RF or 
preselector section of the super¬ 
heterodyne. 

hi some types of superhetero¬ 
dyne circuits, the pre-selector sec¬ 
tion may feed into a separate RF 
amplifier tube. The output of this 
tube may then feed into the input 
of a first detector or mixer tube. 
This tube, too, would also receive 
the oscillator energy so that a beat 
note frequency might be formed. 
All of this, you will remember, 
was covered in previous lessons. 

You will also remember that you 
studied how a combination tube 
could be used to combine all of 
these functions within one tube. 
That is just what is done in Fig. 2. 
Tube VI combines the functions of 
RF amplification (only a slight 
amount of gain is usually obtained 
from a circuit of this type), and 
the function of first detector or 
mixer as well as operating as an 
oscillator. 

Before going further, review for 
a moment what is taking place in 
the oscillator tuned circuit This 
consists of Cs, C9, Cio, Lg and L5. 
You will remember that this cir¬ 
cuit is continuously oscillating at 
a certain frequency, the value of 
which is determined by the IF of 
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Here are two more important antenna acces¬ 
sories. The unit on the left is a srround clamp of 
the strap type. Holes spaced along the strap per¬ 
mit adjusting this unit to different sizes of water 
pipes. The unit on the right is a lightning ar¬ 
restor, one side of it being connected to the 
antenna lead-in while the other side is usually 
grounded. These two units are made by the 
Cornish Wire Company, 

the receiver. The distribution of 
green dots around the oscillator 
tuned circuit shows the oscillator 
energy is fed to No. 1 and No. 2 
grids of the pentagrid converter 
tube. The blue grid or the one 
next to the cathode is called the in¬ 
put or No. 1 grid. The other grid 
next to it (No. 2) or the red one is 
called the output or anode grid be¬ 
cause it has a high positive volt¬ 
age applied to it. This grid is 
often referred to as the No. 2 grid 
in tube charts. In reality, the No. 
2 grid functions practically the 
same as a plate — hence the name 
anode grid. 

The oscillator energy variations 
built up between grids 1 and 2 may 
be considered as an AC source of 
energy which varies the flow of 
electrons between the plate and ca¬ 
thode of the tube. This is one 
source of plate current variation. 

The second source of plate cur¬ 
rent variation is the aforemen¬ 
tioned received RF signal energy 
which is also acting on the tube be¬ 
tween the control grid (No. 4) and 
cathode. 

Thus, there are two sources of 
AC energy varying the plate cur¬ 
rent of the tube. You will remem¬ 
ber from your study of previous 


lessons that these may be thought 
of as being AC sources of energy 
in series with the plate current of 
the tube. You will also remember 
that, as a result of this action, a 
beat or heterodyne frequency is 
formed in the plate circuit of the 
tube. 

This new frequency — the result 
of combining the received signal 
and the local oscillator energy—is 
called the IF or intermediate fre¬ 
quency. It appears across the 
tuned circuit of C 13 and L 7 in Fig. 
2 which is resonant to the IF fre¬ 
quency. 

The signal is now transferred to 
the tuned circuit of Lg-Cu, which 
is also resonant to the IF. Thus, 
additional selectivity is now gain¬ 
ed at the IF. This and the next IF 
transformer are designed to ideal¬ 
ly match the output and input im¬ 
pedances of the tubes they couple. 
They are also designed to afford 
an exceptionally high degree of 
selectivity. Actually, their con¬ 
stants are so adjusted that they 
will adequately pass a 10 KC band 
of frequencies. An exceptionally 
sharp cut-off is provided on each 
side of this 10 KC band which ac¬ 
counts for the high degree of se¬ 
lectivity. 

The signal is now applied to the 
grid of the IF tube, V2. Notice 
the grouping of the green dots up 
to this point. Note that they are 
quite heavy in the circuit of L 7 -C 13 , 
but not quite so heavy in the cir¬ 
cuit of Lg-Cu. This denotes that 
selectivity has been gained be¬ 
tween L 7 and Lg at a loss of signal 
strength. However, this is all 
right as the amplification of tube 
V3 more than makes up for any 



Here is shown another Supreme test instrument. 
It is called a Vedolyser Model 560. It includes a 
three inch cathode-ray tube and is a form of 
Sisrnal Tracer or Channalyst. It includes seyeral 
special features specially designed to enable the 
service man to maike a quality test in radio sets. 

loss of signal strength in LrCw- 

LgCi4. 

After being applied to the con¬ 
trol grid of tube V 3 , the signal 
now appears in the plate circuit of 
the same tube but in greatly ampli¬ 
fied form. The grouping of green 
dots in the plate circuit of tube V 3 
shows in a relative way the growth 
in strength of the signal. It is now 
highly amplified and due to the se¬ 
lective nature of the various tuned 
circuits through which it has 
passed it has been isolated from 
interfering and unwanted signals. 
This signal now appears in the 
plate circuit of V 3 and in the res¬ 
onant circuit Li 2 and C21 from 
where it is transferred by induct¬ 
ive coupling to another resonant 
circuit Lii and C20. This last cir¬ 
cuit, you will note, supplies the IF 
to the diode plates and cathode 
through C22. Thus, the IF is pres¬ 
ent for rectification in this diode 
section of the multi-purpose tube 
V 3 . Due to the rectification, a 
varying DC is produced and will 
be proportionately distributed 
across resistors Rio, Rs and R? ac¬ 
cording to their resistance values. 
Rio and condensers C22 and Cjs 


form a filter to prevent the IF 
from flowing through the volume 
control resistance Rg. A path of 
reactance is afforded the IF 
through C22 and C23 to the cathode. 
This filter, however, allows the 
AF to pass with very little opposi¬ 
tion and as the resistance of the 
volume control Rg is larger than 
that of Rio the largest value of AF 
voltage will be available across Rg. 
If you will examine the plate cir¬ 
cuit of V3 closely you will find 
green dots where the IF is present 
and green dashes where AF exists. 
The DC voltage variations are 
taken from the junction of Rg and 
Rio and supplied to the first three 
tubes as an AVC control grid volt¬ 
age through the AVC filter net¬ 
work comprising Rg, Cie, Ri and 
Cg. 

From the movable contact arm 
of the volume control Rg, the AF 
is supplied to the grid of V4. This 
tube is the first AF tube. Condens¬ 
er C24 is a coupling condenser and 
serves to isolate the grid of V 4 
from the diode circuit, and, at the 
same time, allows the AF to reach 
the grid of V 4 . Resistor Rn is the 
grid leak or load resistor for V 4 . 

Tube V 4 amplifies the AF sig¬ 
nal, and this ampUfied signal ap¬ 
pears across the plate load resis¬ 
tor Ri 3 with Ri 4 acting as a filter 
resistor in connection with con¬ 
denser C 27 . 

The center tap of the AF choke 
Lis is held at ground potential 
through the direct ground connec¬ 
tion as indicated by the black cir¬ 
cuit. Note this is the same ar¬ 
rangement as an input push-pull 
transformer with the primary 
omitted. Magnetic variations are 
set up in the entire winding of Lis 
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as a result of being fed by C26. In 
other words, the AF signal voltage 
from the plate of V4 is fed through 
the coupling capacity C26 to the top 
end of L13. Current flow to or 
from ground, depending on the in¬ 
stantaneous polarity of the right 
hand plate of C26 produces a volt¬ 
age in the other half of Li, eqtial 
and opposite to the top half, be¬ 
cause the two halves are wound as 
one winding on a single iron core. 
Thus, as the grid of V6 becomes 
negative, that of V6 must become 
positive an equal amount. This sat¬ 
isfies the conditions for push-pull 
amplification. The amplified sig¬ 
nal voltage is maximum at each 
plate of V6 and V6, diminishing to 
zero at the center or B+ connec¬ 
tion of the coil or winding in the 
plate circuit of these tubes. In 
this circuit, the voice coil is not 


grounded, and the voltage of the 
signal fed to this circuit is uni¬ 
formly distributed between the 
two ends of each coil—(1) the 
transformer secondary of T1 and 
(2) the voice coil winding of the 
speaker. 

In being transferred through 
the receiver circuit, the signal has 
made many changes, but in each of 
its stages its maximum value is 
apparent by the green coloring. 
Where the signal is in the form of 
modulated RF, the AC impedance 
of the tuned circuits is maximum 
from grid and plate to ground— 
where it is IF the same is true and 
for AF the same condition exists 
except the grid and plate imped¬ 
ances are untuned so that all audio 
frequencies will be amplified as 
near equally as possible. 


_ y2_ _ ^3_ 
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THE BLUE AUTOMATIC 
VOLUME CONTROL CIRCUIT 

The blue circuit shows how 
the AVC voltage is distributed 
throughout the received. In order 
that you may follow this action 
with ease, the AVC and part of the 
AF circuit of Fig. 2 has been re¬ 
drawn in Fig. 7. This figure does 
not show the various coils and 
tuning condensers to avoid confu¬ 
sion. However, the electrical path 
of the AVC voltage is shown, and 
you may consider that the various 
coils are, in effect, present. 

First, consider how each of the 
tubes get their normal negative 
bias voltage—meaning, when no 
signal is received. In this case, 
tube VI will get its bias voltage 
from the voltage drop across Ro. 
The path of this voltage (as de¬ 
noted by the dotted lines) will be 
from the grounded end of R 2 
through the metallic chassis to the 
grounded end of Rs and through 
Rs, R 9 and Ri to the control grid. 
Remember that this is possible 
through all of these resistances 
simply because there is no current 
flow —only a voltage is applied to 
the grid, or, in other words a volt¬ 
age pressure is exerted on the 
grid. The normal voltage drop 
across Ro is 3 volts. 

Tube V2 gets its normal bias 
voltage (see the dotted lines be¬ 
tween R 4 and R 7 in Fig. 7) from 
the grounded end of R 4 through Rs 
and R 9 to the control grid of tube 
V2. Tube V3 gets its normal bias 
voltage from the voltage drop oc¬ 
curring across R7. The path of this 
voltage is from the grounded end 
of R 7 to Rs through R 9 to the con¬ 
trol grid of tube V3. 


Note in Figs. 2 and 7 that the 
diode plates of tube V3 have the 
same negative potential as the con¬ 
trol grid of the same tube, due to 
the voltage drop across R7. Thus, 
the element of delayed AVC is in¬ 
troduced —this principle, you will 
remember, was discussed in a pre¬ 
vious lesson. Due to the 3 volts 
negative potential on the diode 
plates, the AVC action does not 
start until the rectified voltage in 
the diode builds up to a greater 
value than 3 volts. 

When the signal builds up in 
value above 3 volts, it overcomes 
the initial 3 volt bias on the diode 
plates, and a negative voltage drop 
appears at the lower end of Rio. 
This voltage drop adds to the al¬ 
ready minimum bias voltage on 
tubes VI, V 2 and V3 so that these 


Here are shown several types of trimmer con¬ 
densers as used in all types of radio sets. Such 
condensers may also be referred to as padder con¬ 
densers or compensatinsr condensers. Both double 
and sinsrle unit types are shown. These are some¬ 
times mounted on gang: condensers or they may 
be mounted directly on RF or IF transformers. 
Often such units are also mounted separately on 
the receiving: chassis. The letters appearing near 
each condenser are manufacturer’s identification 
letters. Courtesy of Solar. 
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grids are made more negative. In 
this way, an automatic control of 
volume is obtained. Remember 
that the path of both the minimum 
bias voltage of 3 volts and that of 
the A VC voltage is through R 9 to 
the control grids. 

Although the audio signal as 
well as the DC is impressed across 
R<), it reduces along the length of 
the resistor until it is substantially 
zero at the left end where Cie is 
connected. In the same way, the 
RF signal, traveling along Ri from 
left to right, is filtered out of the 
circuit by condensers C 3 and Cie. 

The audio signal is now fed to 
the first audio amplifier by resist¬ 
ance-capacity coupling consisting 
of C 24 and Rii. Note that the in¬ 
stantaneous AF signal voltage is 
maximum in Fig. 2 at the top end 
of grid resistor Ru, diminishing 
towards zero at ground as denoted 
by the green dashes. The AF sig¬ 
nal across Ru swings above and 
below ground potential equal 
amounts. 

You will note in Fig. 2 that part 


of the input circuit to the oscillator 
input grid is also blue—^see R 3 and 
C7. The reason for this is that 
practically the same condition ex¬ 
ists as in the A VC circuit—that is, 
an automatic bias is provided for 
the input grid (No. 1) across R 3 . 
The RF voltage that it develops is 
half-wave rectified between the ca¬ 
thode and the input grid and is 
more negative than ground. There 
is a point between the blue and 
yellow of the grid leak resistor R 3 
where the potential is exactly zero. 
The voltage developed across R 3 
varies from grid No. 1 to cathode 
—for example, from —20 volts to 
+ 6 volts. That is why R 3 is shown 
in two colors because part of it is 
above ground potential and part 
below. The effect of this, of course, 
is to apply an average negative 
voltage to the No. 1 grid as ex¬ 
plained in a previous lesson for 
grid leak detection. 

Such an action is possible in R 3 
of Fig. 2 simply because there is a 
varying voltage in it—it being de- 



Above are shown two types of electrolytic condensers made by Solar. These are known as the dry type 
and are often used in circuits where there is a heavy current to be filtered. The unit on the left 
contains three condensers, two of which are rated at 9 mfd. and one rated at 18 mfd. The workinR 
voltage is 450 volts. The unit on the right contains a single condenser rated at 1,000 mfd. with a 
working voltage of 12 volts. The latter condenser is, of course, used in low voltage circuits where 
heavy currents are to be filtered. 


18 








veloped and controlled in the os¬ 
cillator tuned circuit. 

THE BROWN FILAMENT 
CIRCUIT 

All of the filament circuits, with 
the exception of the rectifier type 
5T4 tube, are shown in brown in 
Fig. 2. They are all in parallel 
with the centertap at the power 
transformer being grounded. This 
ground connection is to insure that 
the filaments will stay at ground 
potential as they would otherwise 
be insulated from ground, and 
their emission might form unde¬ 
sirable potentials in the filament 
circuit. The filaments, of course, 
in cathode tubes are not intended 
for emission, but the high temper¬ 
ature in the vacuum of a tube en¬ 
velope may give rise to some emis¬ 
sion. This ground connection to 
the center tap of the filament cir¬ 
cuit carries surplus electrons to or 
from ground, and this brings 
about equalization of transient 
voltages. 

Now if the filament winding in 
Fig. 2 supplies 6.3 volts, a poten¬ 
tial of not more than .5x6.3 or 
3.15 volts above or below, ground 
can be formed anywhere in the 


filament circuit. While one side 
of each filament is at a maximum 
of +3.15 volts, the other side at 
the same instant will be —3.15 
volts. This is desirable to reduce 
the possibility of hum and disturb¬ 
ances resembling electrostatic in¬ 
terference resulting from an un¬ 
balance of filament voltages. 

The primary winding of the 
power transpormer is shown in 
brown, also, as it carries 110 volts 
AC 60 cycle current. One side of 
the line is invariably grounded, 
holding it at constant potential— 
the other side, swinging in poten¬ 
tial from a peak of 155 volts to 
— 155 volts. The RMS value is, of 
course, .707x155 or 110 volts—the 
value at which the supply line is 
rated. 

Neither side of the 'primary may 
be connected to the chassis or 
ground of the receiver because it 
is not known which way the power 
cord will be connected to the AC 
outlet. For example, if the under- 
grounded side of the line happens 
to be connected to the grounded 
side of the receivery the power line 
will be shorted. The correct and 
incorrect connections are shown, 
assuming the primary of trans¬ 
former T2 is connected to the re- 
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ceiver chassis in Figs. 8 and 9 . 
This shows clearly why the power 
transformer primary cannot he 
grounded to the chassis of the re¬ 
ceiver. No polarity distinction is 
made in connecting to any electri¬ 
cal power outlet for AC. 

THE RED RECTIFIER CIRCUIT 

The filament winding of the rec¬ 
tifier tube is shown in red which 
indicates that the entire winding 
is at a high DC potential. This is 
from 300 to 450 volts RMS average 
for every AC receiver. Of course, 
a heavy AC current is necessary to 
operate the filament of the recti¬ 
fier with a voltage across its ter¬ 
minals of 5 volts RMS for a 5T4 
type tube. Principally because of 
condenser C 29 the riectifier fila- 
^ ment circuit in Fig. 2 remains 
fairly constant in potential as far 
as the filament is concerned. It 
will be observed that the AC plate 
voltage applied to the rectifier 
tube is in phase with that supplied 
to the filament—that is, both are 
in phase with the magnetic 
changes occurring in the trans¬ 
former core. Now, as the AC plate 
voltage on one rectifier plate rises 


from zero in the positive direction, 
the other one, being equally nega¬ 
tive, the filament voltage rises also 
from zero to 5x1.414 or, approxi¬ 
mately, 7 volts peak value. Al¬ 
though they rise simultaneously, 
they do not add to one another be¬ 
cause of C 29 . In Fig. 10, curves 
show the AC plate voltage and 
also the actual voltage at the upper 
terminal of the 5T4 filament wind¬ 
ing in Fig. 2 . Note that this fol¬ 
lows the true supply voltage al¬ 
most exactly as though a cathode 
were used instead of a filament. 
The lower terminal of the filament 
circuit of opposite polarity be¬ 
comes 7 (5x1.414) volts more 

negative than the top or upper 
terminal of the filament circuit. 
This, of course, refers to an in¬ 
stantaneous action—^where one 
side of the filament is positive, the 
other must, of course, be negative. 

The peak plate voltage applied 
to the plate of the rectifier tube 
is 530 (375x1.414) volts, the peak 
voltage of the upper terminal of 
the filament winding.is 480 volts— 
there being, in effect, an AC 50 
volt drop across the tube from 
plate to filament. The lower ter- 
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minal of the filament winding in 
Fig. 2 will have a peak voltage of 
530 —50 —7 or 473 volts. So, as 
the upper filament terminal volt¬ 
age increases from 0 to 7 volts 
(AC) across its terminals, the po¬ 
tential of the entire filament wind¬ 
ing is carried up to a peak of 480 
volts with respect to the center 
tap on the high voltage winding of 
transformer T2. These details 
cannot easily be shown in colors. 
If the B+ of the filter input was 
connected to the lower filament 
terminal instead of the upper ter¬ 
minal, the DC output voltage of the 
rectifier would be the same. The 
upper filament terminal would in¬ 
crease in voltage up to 480 volts 
as indicated by the dotted line in 
Fig. 10. But, of course, this would 
not affect the ultimate voltage out¬ 
put of the rectifier system. Figure 
10 , of course, shotvs conditions as¬ 
suming no filter. Naturally, the 
filter tends to level off this uneven 
voltage output, 

THE RED PLATE CIRCUITS 

All plate circuits and connec¬ 
tions are shown in red in Fig. 2 
because they carry high DC volt¬ 
age. Starting with tube VI, the 


plate coil tuning condenser and 
B+ supply lead are all in red. The 
DC plate voltage is almost as high 
on one side of condenser C 13 as on 
the other so both plates are shown 
in red. Condenser C 12 , by-passing 
the plate circuit of tube VI is also 
shown in red on the plate side as 
it is practically at the same DC 
potential as the plate of the tube. 
The plate of the tube is slightly 
lower in potential due to the DC 
resistance of L 7 , but this small dif¬ 
ference is not indicated by the red 
color. 

Suppose a signal of 100 micro¬ 
volts is being received and that the 
tube is capable of producing an IF 
signal in its plate circuit fifty 
times larger than the RF signal 
received. This is the translation 
gain of the tube, as you have learn¬ 
ed. The signal voltage under these 
conditions will be 100x50 or 5000 
microvolts or 5 millivolts peak 
(.005 volt). 

The DC plate voltage will vary 
between 249.995 and 250.005 volts 
at the intermediate frequency. In 
other words, the voltage will be 
instantaneously rise .005 volt 
above the applied value and fall 
.005 volt below it. Assume this 


value is amplified one hundred 
times by V2, giving a signal of 100 
X .005 or .5 volt at the control grid 
of V3. Its plate voltage (V2) be¬ 
ing originally 250 volts also will 
vary but in this case at a rate be¬ 
tween 259.5 and 250.5 volts due to 
the process of amplification. Now, 
if V3 also amplifies the signal one 
hundred times, its plate voltage 
will vary from 200 volts to a maxi¬ 
mum of 300 volts at .5x100=50 
volts (250—50 and 250H-50). 

BYPASS CONDENSERS 

Before going further, it will be 
well to investigate some very in¬ 
teresting points about by-pass 
condensers. As far as the voltage 
from plate to ground is concerned, 
the tuned circuit L 12 -C 21 of tube 
V3 is in series with the by-pass 
condenser C 12 . Although the filter 
condenser C 28 is in parallel with 
C 12 , its effect in the circuit may be 
ignored. It should be mentioned 
here that C 12 must be used because 
of the high impedance which 
would exist in the plate lead con¬ 
necting C 28 with L 7 -C 1 .S. For this 
reason, the condensers usually act 
individually and have separate dis¬ 
tinct purposes although they seem 
to be in parallel, acting as a single 
large condenser. They are fre- 
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quently connected through a long 
cable or, at least, a long lead. In 
reality, of course, such condensers 
as Cii and C 12 present a short RF 
path to ground as explained in a 
previous lesson. The circuit of 
Fig. 11 shows the effective series 
connection of condenser C 12 . This 
shows a total voltage Ei having a 
peak value of 50 volts. Two im¬ 
pedances are present consisting of 
L 12 -C 21 and C 12 . How will they di¬ 
vide the voltage Ei into the two 
voltages E 2 and E3? The imped¬ 
ance of Lii 2 -C 2 i at an IF of 460 KC, 
to which it will be assumed it is 
tuned, is around 180,000 ohms. You 
have studied previously what con¬ 
tributes to this value and know 
that this value is quite reasonable. 
However, C 12 is usually .1 mfd. or 
larger, and hence at 460 KC its re¬ 
actance (rather than impedance) 
is equal to 

1 

6.28xfxc 
_ 1 
~ 6.28x460,000x.lxl0-« 

= - 7 ^ ^ = 3.64 ohms approximately 

Between these two impedances 
the 50 volt signal will obviously be 
divided in a ratio of 180,000 to 
3.46. The ratio of the total volt¬ 
age to that across Ci 2 or E 3 is the 
same as the ratio of the total im¬ 
pedance of 180,003.46 ohms to 3.46 
ohms. This may be expressed as: 
E 3 3.46 

180,003.46 
50x3.46 
“ 180,003.46 
173 

“ 180,003.46 
= .0009614- 

or approximately 961 microvolts. 
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This ripple voltage is impressed 
on the entire B+ terminal—thus 
affecting every connection made to 
it. At the plate of tube VI, the RF 
signal voltage, as you have learn¬ 
ed, may be 5000 microvolts, or 
more than five times as great as 
961 microvolts. Now, if this rises 
and falls in phase with that pro¬ 
duced at the B+ terminal of VI, it 
will add to it ,giving regeneration. 

If the condenser value (C 12 ) is re¬ 
duced to .02 mfd., a voltage drop of 
about 5000 microvolts will be pro¬ 
duced across it, causing oscilla¬ 
tion of the amplifier circuit. To 
prevent this effect, sometimes an 
RF choke or resistance filter is 
placed between the B+ terminal 
leading to each plate, as in Fig. 12. 
This is a method of avoiding any 
possibility of regeneration or os¬ 
cillation in the plate circuit. The 
combination of R 14 -C 27 in the plate 
circuit of tube V4 in Fig. 2 is for 
just such a purpose. It prevents 
the audio signal voltage from 
creating a voltage drop across C 12 
which would be somewhat greater 
than 961 microvolts. Resistor R 13 
is lower than 180,000 ohms in the 
average case, and the signal volt¬ 
age may be somewhat higher than 
50 volts peak. This condition 
however, can not bring about os¬ 
cillation or regeneration if a filter 
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network similar to R 14 -C 27 is used. 

No signal voltage is present at 
the B+ terminal of the push-pull 
stage because of the push-pull ac¬ 
tion which tends to maintain a 
constant voltage at the center tap 
connection. Thus, there cannot be 
any feedback from this source and 
no by-pass condenser is required 
at this point in the circuit. 

THE SCREEN GRID VOLTAGE 
CIRCUIT 

In practically the same manner 
as before you will see how the 
screen grid by-pass condenser 
(Cii) value is determined and— 
from what has been said about C 12 
it will be obvious how one screen 
voltage may feed into another 
screen grid circuit if not by-passed 
with a suitable condenser. 

The last screen grid (V3) in 
Fig. 2 may be used as an example. 
Obviously, the precautions must be 
greater here. One series circuit 
of this tube consists of the screen 
grid to control grid capacity and 
condenser Cn. Obviously, with re¬ 
sistance R 5 included in the screen 
grid circuit there is present in ef¬ 
fect, a rather inefficient amplifier 
circuit with R 5 acting as the load. 
This is composed of the control 
grid of V3, the screen grid with 
100 volts impressed acting as an 
anode, the load R 5 and the other 
circuits plus Ro loading the screen 
grid circuit to ground. It may be 
possible for the gain of this sys¬ 
tem to be as much as 3 ivithout the 
by-pass condenser {Cn) under 
favorable conditions. Now with a 
signal of .5 volt on the grid of V3 
there would be an AC output volt¬ 
age of .5x3=1.5 volts on the last 
screen grid were it not for Cu. 






Referring to Fig. 13 you will note 
that the total DC resistance from 
the screen grid circuit to ground 
is roughly around 4000 ohms. (The 
effect of all the parallel resistors). 
The screen grid of tube V3 viay 
have an effective Rp, referring to 
it as a plate of 50,000 ohms, and its 
shunting effect would make it ac¬ 
tually decrease a signal perhaps 
ten times in being transferred 
from control grid to plate. 

When the by-pass condenser Cn 
is added to the circuit, its react¬ 
ance will be 3.46 ohms at 460 KC 
(assuming a value of .1 mfd. for 
it). The effective Rp of the screen 
grid at 50,000 ohms is feeding a 
load of 3.46 ohms; thus the vary¬ 
ing AC voltage on the screen grid 
is diminished some eight or ten 
thousand times—a desirable con¬ 
dition to prevent oscillation. 

With a signal voltage of .5 volt 
on the control grid of V3, there 

will be, roughly, or .00012 

volt or 120 microvolts on the 
screen grid. For a screen grid by¬ 
pass condenser of .01 mfd. the re¬ 
actance would be around 34.6 
ohms at 460 KC. Thus, the signal 
voltage appearing on the screen 
grid would be cut down about one 
thousand times which is often suf¬ 
ficient. A value of .1 mfd. is bet¬ 
ter for Cii however, because there 
will be even less tendency to oscil¬ 
late. 


Concerning the possibility of 
screen grid feed-back causing re¬ 
generation, obviously the gain of 
this part of the tube acting as an 
auxiliary triode (cathode, control 
grid and screen as anode) must 
produre a gain greater than 1 be¬ 
fore a voltage equal to the signal 
can be fed back to the control grid. 
The voltage variation at Cn, how¬ 
ever, may possibly be transferred 
to other screen grids, but they can¬ 
not be effective in causing circuit 
reactions (oscillation or regenera¬ 
tion) unless they are larger than 
those already produced at these 
points. 

AVC AND DETECTOR ACTION 
IN FIGURE 2 

You have aready had consider- 
abe study about the actions of de¬ 
tector and AVC circuits. However, 
you have not studied these circuits 
in equivalent form. The ‘average 
student has difficulty with many 
detector and AVC circuits simply 
because of the many variations in 
them. These sometimes tax the 
ingenuity of the best radio men. 
However, all such circuits may be 
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Here are various forms of tuning condensers. In this view, A is a single gang unit, B shows a 
double gang and C three units ganged together. Condenser D is of the small trimmer or padder type. 


reduced or made equivalent to a 
simplified form and when so 
treated they become easy to un¬ 
derstand. Thus, the detector and 
AVC circuit of Fig. 2 will be 
treated in this manner. If you 
follow this process carefully step 
by step, you can apply this same 
treatment to any other detector- 
AVC circuit no matter how com¬ 
plicated, and its mode of operation 
will be made self-evident. Refer to 
Fig. 14 and note this corresponds 
electrically to the detector-AVC 
circuit of Fig. 2 . The tube symbol 
F3 in Fig, 14 only shows the diode 
function. The two diode plates in 
Fig. 2 are connected together or 
common. Therefore, they may be 
shown as one element in Fig. 14 
for half wave rectification. The 
tuned circuit of L 11 -C 20 feeds the 
diode plates and the cathode of 
tube V3 with an IF signal of 460 
KC. Thus, it may be represented 
as a 460 KC generator as shown 
in Fig. 14. As usual, the direction 
of current flow is from cathode to 
plate as indicated by the arrows 
in Fig. 14. It is known that the 
generator furnishes a signal volt¬ 
age equal to 460,000 cycles and 


that current can only flow through 
the diode tube in one direction. It 
would be impossible to trace the 
action of the tube 460,000 times in 
order to follow it through for one 
second of time. It is clear that 
what is true for one cycle must 
also be true for the other 459,999 
cycles. Thus, if one cycle of 
events is traced through for the 
diode circuit, a complete picture of 
its entire action may be obtained. 
To eliminate as many items from 
the consideration as possible and 
to reduce the circuit to its simplest 
form, condenser C 22 , C 23 and C 19 of 
Fig. 14 may be omitted from fur¬ 
ther consideration. It should be 
understood, however, that the pur¬ 
pose of C22 and C23 is to remove or 
filter the IF carrier wave, leaving 
the AF pulses to be distributed 
across Rio and Rs. Condenser C 19 
is, of course, for the purpose of 
holding the potential across R 7 
constant so that the negative volt¬ 
age on the diode plates and the 
control grid of tube V3 will not 
vary. With the foregoing assump¬ 
tions made, the circuit of Fig. 14 
may be further reduced to the 
equivalent of Fig. 15 and still re- 




main true. In this figure, the AC 
generator is the reference source 
—its positive terminal making the 
plate of the tube positive and its 
negative terminal making one end 
of Rio negative. You may assume 
direction of current flow with re¬ 
spect to the AC generator as be¬ 
ginning at the negative terminal 
of Rio and continuing on around 
the circuit through Rg, R 7 , Rpl 
and back to the positive terminal 
of the generator. The symbolic 
resistor Rpl represents the inter¬ 
nal resistance of the tube between 
diode plates and cathode. Like¬ 
wise, Rp2 is a symbolic resistor 
representing the internal resist¬ 
ance of the pentode section of the 
tube between the pentode plate and 
cathode. It should be clear from 
this that the cathode is a common 
conducting element for the diode 
plates and also the pentode plate. 

First consider the pentode sec¬ 
tion of the tube. Regardless of 
whether or not a signal is being 
received, there is a steady plate 
current flow through R 7 and Rp2 
since the DC power supply is con¬ 
nected across these two elements 
in the circuit. This makes the 


negative or grounded end of R 7 3 
volts negative and the other end 
of R 7 3 volts positive. As you 
have previously learned, a resistor 
connected as R 7 provides a voltage 
drop across its terminals which 
has the same polarity as indicated 
for R 7 in Fig. 15. The negative 
polarity of this voltage drop may 
be applied as a bias to any tube 
element common to the same ca¬ 
thode if it does not draw current 
—as, for instance, a control grid 
or diode plate. Thus, for a no sig¬ 
nal condition in Fig. 14, the 3 volt 
drop across R 7 is applied to the 
diode plate element as a negative 
voltage—it being impressed be¬ 
tween cathode and diode plate, 
diode negative, cathode positive. 
Do not let the + signs at the diode 
element in Figs. 14 and 15 confuse 
you on this point. These + signs 
are true only when a signal of 
greater than 3 volts is being deliv¬ 
ered by the AC generator. With 
a signal of less than 3 volts, the 
diode element remains at a nega¬ 
tive potential. This, you will re¬ 
member, follows the principle of 



This view shows several forms of resistors. Unit 
A is of the heavy duty wire wound type with a 
special cement coatingr to radiate heat and to hold 
the wire in place. B is a medium sized wire 
wound type—5 to 10 watts. D and C are, of 
course, 1 and 2 watt carbon types. 
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With so many thousands of receiving: sets in use, it is impossible for service and repair men to remem¬ 
ber all circuit details of them. This view shows the repair man looking up the circuit of a griv^Ji 
receiver by means of circuit manuals which are available from most radio parts jobbers. 

delayed A VC—detection being de- When the signal voltages exceed 
, layed until the signal reaches a 3 volts, the tube will start to rec- 
value of greater than 3 volts—this tify and the polarity indications 
being done to avoid noise at the in Fig. 15 will hold true. Each 
lower signal strengths. resistor element in Fig. 15 has pol- 

A received signal of 2.5 volts ^rity indicated at each end with 
may be used to illustrate how the reference to the AC generator 
circuit works. With no signal be- assuming current flow starts at 
ing received, the diode plate is 3 the negative terminal of the gener- 
volts negative with the cathode 3 ^tor and continues through Rio^ 
volts positive; thus no current can ^tc. 

flow through the tube for if this is Assume the signal reaches a 
to occur the plate must swing posi- value of 23 volts. When this hap- 
tive and the cathode negative. If pens the net difference between 
the signal is 2.5 volts, the negative the voltage drop across R 7 and the 
half cycle of it when applied to the signal voltage is left to operate the 
diode plate will swing it to 3+2.5 diode detector. In this case, it is 
or 5.5 volts negative with the ca- equal to 23 —3 or 20 volts. Thus> 
thode positive by the same amount, the diode plate is made 20 volts 
When the cycle reverses 2.5 volts positive with the cathode 20 volts 
positive will be applied to the negative, and under this condition 
diode plate, making it have a net current will flow and the tube will 
negative potential of +3+(—2.5) rectify. All of this, of course, re- 
or .5 volt with the cathode still fers to the relative polarity of the 
positive by .5 volt. Note even diode plate and the cathode. It 
though the signal cycle has re- does not change the fact that the 
versed the tube will not rectify be- control grid of the tube remains 
ause the plate is still negative with at a constant negative potential 
the cathode positive. This same with respect to the cathode of the 
• principle would still apply for all tube for, in this case, a different 
signal voltage values up to 3 volts, circuit is involved entirely. 
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This view shows three types of electrolytic condensers which are usually mounted in a vertical position 
through a hole in the receiver or amplifier chassis. These are known as the screw base type—a nut on 
the underside of the chassis holding the condensers in place. Such condensers may be of either the wet 
or dry type. Courtesy of Solar. 


To return to the condition of a 
20 volt positive potential on the 
diode plate what voltage drops oc¬ 
cur across the various resistor 
elements in Fig. 15? For the pur¬ 
pose of illustration, let Rpl in Fig. 
15 equal 50,000 ohms. This will 
give a total diode circuit resistance 
of 500,000 + 500,000 + 400 + 
50,000 or 1,050,400 ohms with a 

20 

consequent flow of or 

1,050,400 

.000019 ampere if the internal re¬ 
sistance of the AC generator is 
neglected. For this condition, the 
voltage drop across Rio will equal 
9.5 volts and the same amount will 
occur across Rg because its resist¬ 
ance value is the same as Rio. 
Across Rt the drop will be .0076 
volt and across Rpl it will be .95 
volt for a total of 19.9576 volts— 
the odd value resulting from the 
fractional value of the current in 
the circuit. 

Thus for a 23 volt received sig¬ 
nal there will be an initial bias on 
the control grids of tubes Vi, V 2 
and V 3 in Fig. 2 of 9.5+3 or 12.5 


volts—the drop across R 7 plus that 
of Rg. In studying the foregoing 
action you should keep in mind 
that Rg is also the volume control 
and that the AF signal is being 
taken off from it by virtue of con¬ 
denser C 24 in Fig. 2 . Also you 
should keep in mind that Fig. 15 
has omitted filter condensers 
which are necessary for full detec¬ 
tor action. No voltage drops oc¬ 
cur in resistors Ri and R 9 in Figs. 
2 and 15 for they do not conduct 
DC. Their main purpose is to fil¬ 
ter and provide the correct time 
constant for the AVC in conjunc¬ 
tion with condensers C 3 and Cie. 
You should now have a clear un¬ 
derstanding of how the detector 
and AVC circuit functions in Fig. 
2. Remember, however. Fig. 15 is 
simply symbolic of the circuit ac¬ 
tion. Such a circuit can be often 
used to simplify a more complex 
circuit and what you learn from 
such a simplification may be used 
as an index of what occurs from 
the varying conditions which are 
always imposed as a result of a 
varying signal. 
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These questions are designed to test your knowledge of this lesson. Read them 
over first to see if you can answer them. If you feel confident that you can, then 
write out your answers, numbering them to correspond to the questions. If you 
are not confident that you can answer the questions, re-study the lesson one or 
more times before writing out your answers. Be sure to answer every question, 
for if you fail to answer a question, it will reduce your grade on this lesson. 
When all questions have been answered, mail them to us for grading. 


QUESTIONS 

No. 1. How is it possible for the oscillator grid (Gl) in Fig. 2 to be below ground 
potential when it is connected through R3 to the cathode of VI which is 
positive? 

No. 2. If there were no signal voltage present in the circuit of Fig. 2 what addi¬ 
tional circuit parts would be indicated in black? 

No. 3. Name the three resistors through which DC flows in Fig. 2 due to rectifica¬ 
tion. 

No. 4. Why is it that one side of the power transformer in Fig. 2 cannot be 
grounded to the receiver chassis? 

No. 5. Is the pentode section of V3 in Fig. 2 an amplifier or a detector? 

No. 6. What determines the minimum bias voltage for the control grid of tube VI 
in Fig. 2? 

No. 7. Are the 80 rectifier tube plates in Fig. 2 always more positive than the 
filament or cathode of the tube? 

No. 8. Name four factors which serve to determine the value of the screen grid 
voltage on all of the screen grids in Fig. 2. 

No. 9. What is the purpose of condenser C12 in Figs. 2 and 11? 

No. 10. What prevents the screen grids of the tubes in Fig. 2 from amplifying 
signals? 



